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CLAIMS 
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1>Q Wot rice THSe>e 


1. A recuperative heat exchanger for the exchange of 
etween two media across a heat-transferring wall, 
c h a tva cterized in that: 

a) \he media separating a heat transferring wall is 
made from\ shaped patterned sheet which is repeatedly 
folded to f^^m a multi-layered package which is enclosed 

10 in an outer casing (15, 21; 28, 34, 35); 

b) owing to\its shaping after folding the sheet forms 
a package (10, 12)\of alternating flow channels having 
connecting ports (2^25; 29-32) for the two media on the 
two opposite sides of the package; and 

15 c) the sheet is sealed towards the casing at the 

bottom and the top of theXpackage (12) and at the ends of 
the package as to prevent leakages between the media. 

2. A heat exchanger as claimed in claim 1, char 
acterized in that the\pattern of the sheet is in 

20 the form of corrugations extendW at an oblique angle to 
the lengthwise extension of the Wieet. 

3. A heat exchanger as claimed in claim 2, char- 
acterized in that the corrugation in the sheet is 
interrupted at suitable intervals and replaced by folding 

25 lines ( 9 ) to facilitate folding of the sheet. 

4. A heat exchanger as claimed in claim 2 or 3, 
characterized in that the ahgle of the 

. corrugations to the lengthwise extension of the sheet is 
less than 45° . 

30 5 A heat exchanger as claimed in any of the above 

Claims, characterized in thatthe pattern of 
the sheet is such that the resistance to flow towards the 
ends of the sheet packet becomes higher in thp intended 
direction of flow than crosswise to said direction, while 

35 the resistance to flow in the mid-section of the sheet 
package is low in the intended direction of flow. 
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6. A heat exchanger as claimed in any of the above 
claims, characterized in that the seals at 
the two ends of the package coincide with two opposite 
side walls of the casing, 
5 7. A method of producing a recuperative heat 

exchanger for the transfer of heat between two media 
across a separating heat transferring wall, char- 
acterized by 

a) folding a shaped patterned sheet (1) of a heat 
10 transferring material repeatedly to form a multi-layered 

package and enclosing said package in a casing (20, 21; 
28, 34, 35); 

b) sealing the lengthwise edges of the sheet, i.e. 
the edges at right angels to the folds, with lid-forming 

1 5 elements ( 12 ) ; and 

c) enclosing the package (12) thus formed by the 
folded sheet in a casing and sealing said package at its 
top and bottom with respect to that casing so that the two 
opposite side faces of the sheet are facing two spaces 

20 that are separate from each other in the casing and are 
equipped each one with an inlet and an outlet part for 
each one of said media. 

8. A method as claimed in claim 7, charac- 
terized by producing the shaped pattern in the 

25 sheet (1) by stamping the sheet by advancing it 

continuously between at least two shaping rollers (2, 3) 
having appropriate protuberances and depressions (5, 5) 
corresponding to the configuration of the desired pattern 
to be Imparted to the sheet and possibly incorporating 

30 axial ridges ( 7 ) and grooves ( 8 ) to make folding lines in 
said sheet. 

9. A method as claimed in claim 7 or 8, char- 
acterized in that said lid-forming sealing 
elements are made by moulding of a solidifying compound. 
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(57) Abstract 

The invention regards a recuperative heat exchanger for the exchange of heat between two media across a heat transferring wall. 
According to the invention the heat transferring wall is made from a shaped pattemed sheet which is folded repeatedly to form a multi- 
layered package (12) which is enclosed in a casing (15, 21). so that the sheet, owing to its configuration, after folding forms a package 
of alternating flow channels with connecting ports (22-25) for the two media at two opposite sides of the sheet package, said sheet being 
sealed against the casing al the bottom and the top of the package and at the two ends of the package so that leakage between the two 
media is prevented. TTie invention also relates to a method of producing such a heat exchanger. 
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Heat exchanger and method for its manufacture. 

The present invention concerns a recuperative heat 
5 exchanger for the transfer of heat between two media 

through a heat transferring wall, and a method of produc- 
ing such a heat exchanger. 

Heat exchangers are used for the transfer of heat 
between two media flows of different temperatures. In the 

10 conventional heat exchanger of so called recuperative type 
heat is transferred from the hot medium through a separat- 
ing wall to the cooler medium. The design often comprises 
tubes inside which one of the media flows whereas the 
outer medium flows outside the tubes. This type of heat 

15 exchanger is often called tube -and -shell heat exchangers. 
It is also common practice to separate the media by means 
of more or less flat separating plates. This type of heat 
exchangers is often called plate heat exchangers. 

If the heat exchanger is to serve its function of 

20 transferring heat it is important that the heat transfer 
surface area is as large as possible. This is often 
accomplished by dividing the media flows into multiple 
parallel part flows moving inside alternatingly Juxtaposed 
passageways to form a unit with a large transfer surface 

25 area within a limited volume. The devices that are 

necessary for the separation of the flows into parallel 
streams are often complicated and expensive to produce. 
Often, the specifications for inter- flow leak sealing are 
stringent . 

30 Except when subject to boiling or condensation the 

media change their temperature when passing through the 
heat exchanger. The temperature of the hot medium 
gradually decreases and the temperature of the cooler 
medium gradually increases. When the temperature 

35 difference between the media is small it is important that 
the flow geometry in the heat exchanger is such that the 
hottest part (the beginning) of the hot flow heats the 
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hottest part (the end) of the cool flow and that the 
coldest part (the end) of the hot flow heats the coldest 
part (the beginning) of the cool flow. Using such counter- 
current flow geometiry in the heat exchanger makes it 
5 possible to achieve such a degree of heat exchange that 
the outgoing temperature of the cool flow is higher than 
the outgoing temperature of the hot flow. This is not 
possible when using a flow geometry where the media travel 
in the same direction through the heat exchanger, i.e. so 

10 called parallel flow heat exchangers. 

To achieve optimum heat transfer in the heat 
exchanger it is necessary that the heat transfer between 
each medium and the separating wall is as good as 
possible. This can be accomplished by designing the 

15 separating wall in such a manner that it promotes the 

generation of a turbulent, well mixed, vortex filled flow 
in the medium that is in contact with the wall. Thus, when 
designing a heat exchanger there are three important 
objectives to consider, of which at least one and 

20 preferably all three should be accomplished. These 
objectives are: 

1) Arrangement of each flow to be distributed over 
several parallel passageways in such a way that the 
passageways are alternatingly in juxtaposed relationship 

25 so as to have a large total heat transfer surface area. 

2) Heat transfer walls in the heat exchanger that 
contribute to the generation of a turbulent flow with good 
heat transfer to the wall. 

3) Counter -current flow of the media in the heat 
30 exchanger. 

These objectives can be difficult to achieve. 
Especially objectives number 1 and 3 have proved difficult 
to achieve at the same time without causing high costs. 

The present invention relates to a heat exchanger 
35 wherein all three objectives are met simultaneously while 
the costs are kept low. 
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The invention will be described in the following in 
closer detail by way of an example with reference to the 
accompanying drawings, wherein: 

FIGURE 1 in a perspective view shows important steps 
5 of the manufacture of a heat exchanger according to the 
present invention . 

FIGURE 2 is a perspective view of » heat exchanger 
according to the invention depicted in a not fully closed 
state in order to show the internal flows of the media. 
10 FIGURE 3 is a perspective view of a part of the heat 

transferring walls in the same heat exchanger. 

FIGURE 4 is a perspective view of a heat exchanger 
according to the invention in accordance with a slightly 
different embodiment and shown in a not fully closed 
15 state. 

A heat exchanger according to the invention prefer- 
ably is produced as shown in Figure 1 from a continuous 
sheet 1 of metal, plastic or other suitable material which 
in the completed heat exchanger will serve as a heat 

20 transferring wall. In Figure 1 numeral references 2 and 3 
denote rollers between which the sheet is fed in the 
direction of arrow 4. The surfaces of the rollers are 
formed with patterns of oblique ridges and grooves 5 and 
6. Furthermore, the rollers are formed with ridges 7 and 

25 grooves 8 extending in parallel with the roller axis. 

Every ridge 7 corresponds to a groove 8 on the opposite 
roller. Accordingly, when the sheet passes between the 
rollers, the ridges 7 and the grooves 8 form folding lines 

9 in the sheet. Since in sequence along the circumference 
30 of each roller a ridge 7 is followed by a groove 8 the 

folding lines will be pressed alternatingly in one and the 
other of the opposite sides of the sheet. This makes it 
easy to fold the sheet at the folding lines into a package 

10 comprised by a number of juxtaposed layers. The oblique 
35 pattern 5 and 6 on the rollers gives the band a corrugated 

configuration best visible in the encircled enlargement 11 
in Figure 1 . The sheet is cut to suitable lengths so that 
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an appropriate thickness of the package 10 is obtained* In 
Figure 1 a complete finished package is represented by 
numeral 12* The ends of the package 12 are closed by 
covering elements 13 which may be produced for instance by 
5 dipping the package ends into a compound that is soft from 
the beginning but after a while solidifies when cooling or 
by chemical reaction. Numeral reference 14 relates to a 
sealing strip which is applied to one side of the package, 
e.g. the bottom part. A corresponding seal, not visible in 
10 the drawing, is applied to the opposite side of the 

0 

package. Numeral reference 15 denotes a box-shaped casing 
15 generally, into which the package 12 is intended to be 
placed as indicated by arrow 16. When the package is thus 
placed inside the casing, the seal 14 will be forced 

15 against the bottom of the casing and the covering elements 
13 will seal against the end walls 17 and 18 of the 
casing. Preferably, the width B of the package 12 
essentially corresponds to the spacing between the side 
walls 19 and 20 of the casing while the height H of the 

20 package essentially corresponds to the height of the 
casing. The casing 15 has a lid 21 the shape of which 
matches that of the open upper side of the casing 15 in 
Figure 1. At the corners of the casing 15 connecting ports 
22 - 25 are arranged. The connecting ports 22 and 25 serve 

25 as inlet and outlet ports respectively for one of the 
media and connecting ports 23 and 24 serve as inlet and 
outlet ports respectively for the other medium. When the 
lid 21 is fitted while the package 12 is in the casing 15 
the lid will seal against the top face of the package 12. 

30 The sealing strips 14 and the covering elements 13 prevent 
the two media from mixing and thus the media are kept 
separate, one on either side of package 12 and thus on 
either side of the folded sheet. Figure 2, for the sake of 
clarity showing the upper part of the package slightly 

35 raised, illustrates the flow paths of the two media. The 
directions of flow are shown by arrows 25 for one of the 
media and with arrows 27 for the other medium. As is most 
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clearly apparent from Figure 3 the corrugations in one 
layer of the folded sheet will extend crosswise with 
respect to the corrugations in the next layer. These 
crossing corrugations formed in the facing sides of 
5 adjacent layers create a turbulent flow in the medium 

flowing between the layers. To a considerable extent, this 
will contribute to an efficient exchange of heat between 
the two media. 

In the example shown the sheet is given a corrugated 

10 pattern but whithin the scope of this invention shaped 

patterns of different configuration that create turbulence 
in the inter-layer space may also be used* In the example 
shown the shaped pattern was made by means of rollers, but 
the shaped pattern can also be accomplished by stamping. 

15 As mentioned above, the covering elements 13 are made of a 
solidifying compound. However, it is within the scope of 
the invention to produce the covering elements 13 as 
separate lids which with an intermediate soft layer that 
is pressed against the ends of the package. It is also 

20 possible to use layers of soft material between the ends 
of the package and the end walls of the outer casing. The 
casing 15 and the lid 21 thus form an outer shell that 
together with the seals 13 and 14 on the package 12 
constitutes an efficient media flow separating and sealing 

25 means. The seal shown in the figures could however, be 
made in a very simple and inexpensive manner. The 
application of the sealing compound or other soft material 
can be made without high precision or geometrical 
exactness. A sealing effect could also be accomplished by 

30 a good fit only or by soldering or welding when suitable 
materials, therefor are used. 

In contrast to the example described above, wherein a 
casing 15 with a lid 21 forms a shell around the package 
12, this shell is formed according to Figure 4 by a box 28 

35 having a rectangular cross sectional shape. On one side, 
the box is equipped with an inlet port 29 and an outlet 
port 30 for one of the media and on the other side with an 
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inlet port 31 and an outlet port 32 for the other medium. 
In this example the package 12 is inserted through one 
open end of the box which thus forms a casing 33 which may 
be closed by lids 34 and 35. The lids 34 and 35 are 
5 designed to seal against the ends of the package 12, 

either by themselves or by means of intermediate sealing 
layers. The lower lid 34 in Figure 4 could for instance be 
fastened by means of a liquid sealing compound which is 
poured into the lid and which solidifies after the 

10 assembly 28, 12 has been dipped into it. The other lid 35 
can then be fastened in the same way after the assembly 
28, 12 having been turned upside down. This kind of 
moulding can also be used in the example shown in Figures 
1 and 2. When using an appropriate sealing compound the 

15 lids may be removed after the moulding operation and thus 
only serve as moulds in the moulding process . 

The shaped pattern in the sheet serves at least three 
purposes. One is to establish a certain distance or pitch 
between successive layers in the folded sheet so that a 

20 medium can flow in the inter-layer space. The shaped 
pattern should also promote turbulence in the flow as 
described earlier. 

The simple pattern described above serves both these 
purposes. As mentioned above, after folding of the sheet 

25 the oblique corrugations form a system of crossing ridges. 
The ridges maintain a certain spacing between the 
different folds and produce a tortuous, turbulence- 
inducing flow path for the medium which, as mentioned 
above, promotes heat transfer to the wall. 

30 Owing to the design of the heat exchanger, the two 

media flows are distributed over a number of parallel 
channels that are placed in alternating nesting position. 
The third purpose of the shaped pattern is to achieve an 
evenly distribution of the flow sideways within and across 

35 each channel. Thus an essentially counter-current flow 
pattern is established between the two media flows even 
when their inlet and outlet ports do not extend in the 
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prolongation of the flow direction • 

An efficient lateral spread of the flow of this kind 
is achieved if the resistance to flow sideways is lower 
than the resistance of flow lengthwise in the channel. 
5 This result is obtained with the proposed simple 

corrugation of the sheet if the angle of the corrugations 
to the longitudinal extension of the sheet is less than 
45°, or differently expressed, if the angle of the 
corrugations to the intended direction of flow is more 
10 than 45**. 

The simple corrugation pattern which has been used. as 
an example above is easy to produce between two helically 
cut rollers as in Figure 1. It is also well suited to 
fulfill the objects of keeping the spacing between the 

15 layers, and of promoting turbulence and lateral distri- 
bution of the flow as have been discussed above. Many 
other stamped patterns are also possible, as mentioned 
above. To facilitate the folding of the sheet the 
corrugations preferably could be interrupted and be 

20 replaced by folding lines at suitable spaced-apart 

intervals as shown in Figure 1 . Another improvement of the 
pattern would be to provide the inlet and outlet areas 
(the outer parts of the sheet) with a different pattern 
from the main part of the sheet area so as to give an 

25 efficient lateral distribution of the flow without making 
the lengthwise resistance to flow too high in the main 
part of the heat exchanger. A reduction of the resistance 
to flow in the heat transferring part of the heat 
exchanger most often however invovles a reduction of the 

30 heat transfer there, which is not desirable. 

The invention is not limited to the above described 
examples but can be varied as to its details within the 
framework of the following claims without departing from 
the scope of protection of the invention. 


35 
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CLAIMS 

1 . A recuperative heat exchanger for the exchange of 
5 heat between two media across a heat- transferring wall, 

characterized in that: 

a) the media separating a heat transferring wall is 
made from a shaped patterned sheet which is repeatedly 
folded to form a mult i -layered package which is enclosed 

10 in an outer casing (15, 21; 28, 34, 35); 

b) owing to its shaping after folding the sheet forms 
a package (10, 12) of alternating flow channels having 
connecting ports (22-25; 29-32) for the two media on the 
two opposite sides of the package; and 

15 c) the sheet is sealed towards the casing at the 

bottom and the top of the package ( 12 ) and at the ends of 
the package as to prevent leakages between the media. 

2. A heat exchanger as claimed in claim 1, char- 
acterized in that the pattern of the sheet is in 

20 the form of corrugations extending at an oblique angle to 
the lengthwise extension of the sheet* 

3. A heat exchanger as claimed in claim 2, char- 
acterized in that the corrugation in the sheet is 
interrupted at suitable intervals and replaced by folding 

25 lines (9) to facilitate folding of the sheet. 

4. A heat exchanger as claimed in claim 2 or 3, 
characterized in that the angle of the 
corrugations to the lengthwise extension of the sheet is 
less than 45 . 

30 5. A heat exchanger as claimed in any of the above 

claims, characterized in that the pattern of 
the sheet is such that the resistance to flow towards the 
ends of the sheet packet becomes higher in the intended 
direction of flow than crosswise to said direction, while 

35 the resistance to flow in the mid-section of the sheet 
package is low in the intended direction of flow. 
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6. A heat exchanger as claimed in any of the above 
claims, characterized in that the seals at 
the two ends of the package coincide with two opposite 
side walls of the casing* 
5 7. A method of producing a recuperative heat 

exchanger for the transfer of heat between two media 
across a separating heat transferring wall, char- 
acterized by 

a) folding a shaped patterned sheet (1) of a heat 
10 transferring material repeatedly to form a multi-layered 

package and enclosing said package in a casing (20, 21; 
28, 34, 35); 

b) sealing the lengthwise edges of the sheet, i.e. 
the edges at right angels to the folds, with lid- forming 

15 elements ( 12 ) ; and 

c) enclosing the package (12) thus formed by the 
folded sheet in a casing and sealing said package at its 
top and bottom with respect to that casing so that the two 
opposite side faces of the sheet are facing two spaces 

20 that are separate from each other in the casing and are 
equipped each one with an inlet and an outlet part for 
each one of said media. 

8. A method as claimed in claim 7, charac- 
terized by producing the shaped pattern in the 

25 sheet (1) by stamping the sheet by advancing it 

continuously between at least two shaping rollers (2, 3) 
having appropriate protuberances and depressions (5, 6) 
corresponding to the configuration of the desired pattern 
to be imparted to the sheet and possibly incorporating 

30 axial ridges ( 7 ) and grooves ( 8 ) to make folding lines in 
said sheet. 

9. A method as claimed in claim 7 or 8, char- 
acterized in that said lid-forming sealing 
elements are made by moulding of a solidifying compound. 


35 
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VARMEVAXLARE 

5 Fiireliggande uppfinning avser en rekuperativ vSrme- 

vaxlare fttr vSrinevaxling mellan tvd medler via en vSrine- 
averfe^rande v^gg jamte ett sStt: att framstaila en dylik 
varmevaxlare . 

vairmevaxlare anvSndes fttr att 5verfOra varme mellan 

10 t:v& strOmmande medier av olika temperatur . I den vanliga 
s k rekuperativa typen av varmevSxlare sker detta genom 
att; v^rme 5verfGres frSn det varmare mediet genom en &-t- 
skiljande vSlgg till det kallare mediet. Konstruktions- 
massigt rGr det sig ofta om r5rvaggar dSr det ena mediet 

15 strGmmar inuti rGret och det andra fl5det str5mmar utanfor 
detsamma. En vanlig benSmning fOr sddana vSrmevaxlare Sr 
tubvSrmevaxlare . Det Mr ocksS vanligt att medierna skiljs 
At av mer eller mindre plana skil jepldtar . Man talar d& 
ofta om plattvarmevaxlare . 

20 FGr vSrmevaxlarens funktion att 5verfttra vMrme det 

vcLsentligt att den varmebverf Grande ytan ar sd stor som 
mGjligt. Detta dstadkommes ofta genom att de bSda medie- 
strGmmarna uppdelas i mSnga parallella delstrOmmar i 5mse- 
vis intill varandra placerade kanaler som bildar en enhet 

25 med stor varmeGverf Grande yta inom en begransad volym, De 
system som kravs f5r fGrdelning av flGdena i flera paral- 
lella strGmmar blir dock ofta komplicerade och dyrbara i 
tillverkning. MSnga ganger ar kraven pd lackagetathet 
mellan flGdena stor. 

30 Utom nar det sker kokning eller kondensation andras 

mediernas temperatur vid passagen igenom varmevaxlaren, 
Det varma mediets temperatur s junker successivt och det 
kalla mediets temperatur Gkar successivt. Nar temperatur- 
skillnaden mellan flGdena ar liten ar det viktigt att 

35 strGmningsgeometrin i vaxlaren ar s&dan, att den varmare 
delen (bGrjan) av det varma flGdet varmer den varmaste 
delen (slutet) av det kalla flGdet och att den kallaste 
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delen av det varma flGdet (slutet) vSrmer den kallaste 
delen (bttrjan) av det kalla flGdet. Med en sSdan s k mot- 
stramskoppling i vSnnevaxlaren blir det mGjligt att ^stad- 
komma s&dan varmevaxling att utgdende temper a tur pS det 
5 kalla fl5det ligger httgre Sn utgSende temperatur hos det 
varma flOdet, Med en koppling av flGdena s&, att de i 
stailet sammanfaller i rlktning genom vMrmevfixlaren, s k 
medstrGmskoppling, Sr detta icke mttjligt. 

FOr att varmettverfttringen i vSrmevSxlaren skall bli 

10 sA bra som mttjligt fordras ocksS att vSrmebverf Gringen 
mellan respektive medium och den skiljande vSggen Sir s& 
bra som mOjligt, Fi3r att ge en god vSrmettverf 5ring till 
vaggen kan den med f5rdel utformas s& att den bidrager 
till ett turbulent, omblandat och virvelfyllt flOde hos de 

15 medium som strOmmar i kontakt med vSggen. Det finns alltsd 
tre viktiga 5nskemSl betrSffande konstruktionen hos en 
vSrmevaxlare, av vilka Atminstone nSgot, heist alia tre, 
bttr vara uppfyllda. Dessa ttnskem^il ar: 

1 ) Flera parallella strGmningskanaler f 5r vardera 

20 fl5det som Sr sS arrangerade, att kanalerna ligger 5msvis 
och gransar mot varandra med sammanlagt stor v^rmeGver- 
fiirande yta. 

2 ) varme5verf Grande vSggar i vSrmevSxlaren som bi- 
drager till omblandat fl5de med god vSrmebverf 6ring till 

25 vMggen. 

3) Motstr5ras flGde av medierna i varmevMxlaren. 
Dessa OnskemSl kan vara svSra att tillmtttesgS- Det 

har sSrskilt varit sv&rt att uppfylla 6nskemAlen 1 och 3 
samtidigt utan att kostnaderna blir hdga. 
30 FOreliggande uppfinning ger en vSrmevSxlare dSr alia 

tre kraven kan uppfyllas samtidigt och kostnaderna blir 
ISga. 

I det fGljande beskrives uppfinningen nSrmare i form 
av utf Oringsexempel med hMnvisning till bifogade rit- 
35 ningar, pk vilka: 
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FIG 1 schematiskt i perspektiv visar viktiga delar i 
tillverkningen av en varmevSxlare enligt uppf inningen; 

FIG 2 Sr en perspektiwy av en varmevfixlare enligt 
uppfinningen visad i ej helt tillslutet: skick fGr Askdd- 
5 liggOrande av mediernas strttmning d^ri; 

FIG 3 visar i perspektiv en del av de varmeOver- 
fOrande vSggarna i samma vdrmevdxlare; och 

FIG 4 ar en perspektiwy av en varmevSxlare enligt 
uppfinningen med ett nAgot annorlunda utf5rande visad i ej 

10 helt tillslutet skick, 

L^mpligen tillverkas varmevSxlaren enligt uppfin- 
ningen sSsom visas i fig 1 av ett kontinuerligt band 1 av 
metall, plast eller annat l^mpligt material, som i den 
fSrdiga v^rmevaxlaren bildar en varmettverf Grande vSgg. I 

15 fig 1 betecknas med 2 respektive 3 tvS valsar mellan vilka 
bandet matas i riktningen av pilen 4, De visade valsarna 
Sr f5rsedda med snedl5pande upphGJningar och f ordjupningar 
5, 6. Vidare ar valsarna f5rsedda med axelparallellt 
IGpande listformiga utsprAng 7 och f 6rdjupningar 8, lika- 

20 ledes med axelparallell strSckning. Varje listformigt ut- 
sprdng 7 p& den ena valsen motsvarar en fOrdjupning 8 hos 
den motstSende valsen. Vid bandets passage mellan valsarna 
bildar upphttjningarna 7 och f ardjupningarna 8 bignings- 
linjer 9 pd bandet. D& i omkretsriktningen rSknat en upp- 

25 hOjning 7 fttljs av en fOrdjupning 8 pd valsarna kommer 
bigningarna 9 att vara vSxelvis pressade mot ena respek- 
tiva andra sidan av bandet sd, att det samma latt kan om- 
vikas vid bigningslinjerna till bildande av paket 10 med 
ett antal inbi3rdes sammanlagda skikt. Genom den snedl5p- 

30 ande mOnstringen 5, 5 p& valsarna bildas en vAgformad 

pragling av bandet som tydligast framgdr av f5rstoringen 
11 i fig 1. Bandet kapas i lampliga ISngder fOr erh&llande 
av lamplig tjocklek pS paketet 10, I fig 1 markeras med 12 
i dess helhet ett helt fSrdigstailt paket. I paketet 12 Sr 

35 dess andar tillslutna med lockbildande element 13 som 

exempelvis kan Sstadkommas genom paketet s neddoppning i 
frdn bttrjan mjuk och efter en stund exempelvis genom sval- 


AWAPA'.fNT • PCT SEV5 0 

4 

ning eller h^rdning stelnande massa. Med 14 betecknas en 
■tatningsstrang som anordnad p& den ena, exempelvis 
bottendelen av packen. En motsvarande t^tning, ej synlig 
p& ritningen, Sr anordnad den motsat:t:a sidan av packen, 
5 Med 15 bet:ecknas i dess helhet: ett ISdformigt: ytterhGlje, 
i vilket packen 12 avsedd att nedldggas enligt den med 
16 markerade pilen. NSr packen nedlSgges i lAdan kommer 
■tatningslisten 14 att pressas mot Iddans botten och de 
lockbildande elementen 13 att tata pd iSdans gavlar 17 och 

10 18. LSLmpllgen motsvarar packens 12 bredd B i huvudsak 
avstSndet mellan Iddans sidovSggar 19 och 20, medan 
packens h5jd H motsvarar i huvudsak htijden av Iddan. Med 
21 betecknas ett lock som har en form vilken motsvarar 
iSdans 15 i fig 1 dppna ovansida* I l&dans hiirn Sr 

15 anslutningsstosar 22-25 anordnade. DSrvid Sr stosarna 22 
och 25 att tjSna som inlopp respektive utlopp fGr det ena 
mediet och stosarna 24 och 23 avsedda att tj^na som inlopp 
respektive utlopp f6r det andra mediet. Vid pSsSttningen 
av locket 21 med packen 12 nedlagd i Iddan 15 kommer 

20 locket att tatande ligga an mot packens 12 ovansida. Pd 

grund av tStningslisterna 14 och de lockbildande elementen 
13 fGrhindras blandning av de bSda medierna, d& de isole- 
rat h&lles pli var sin sida av packen 12 och sSledes pci var 
sin sida av det veckade bandet. I fig 2, vari fGr 6ver- 

25 skddlighetens skull den 6vre delen av packen Sr n^got 
upplyft, SskSdliggdres de b^da mediernas str5mning. 
StrGmningsriktningen f5r det ena mediet markeras med pilar 
26 och det andra mediets stri3mning markeras med pilar 27. 
Sdsom tydligast framgSr av fig 3 kommer det omvikta 

30 bandets korrugering i ett skikt att korsa korrugeringen 

hos nSsta skikt. Dessa varandra korsande korrugeringar med 
mot varandra vSnda sidor av intill varandra belSgna skikt 
ger en turbulens hos det medium som str5mmar mellan 
skikten. Detta bidrager i he^g grad till ett effektivt 

35 vSrmeutbyte mellan de bSda medierna. 
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Bandets f ornuncinstring Mr vid det visade exemplet en 
korrugering, men man kan inom uppf inningens ram Sven tSnka 
sig annan formmtinstring som bildar turbulens i mellanrum- 
met: mellan sklktren. Vid det visade exemplet bildas form- 
5 mOnstringen medelst valsar, men f ormm5ns*tringen kan ocksd 
tonkas ske exempelvis mellan pressdynor. Ovan har nSmnts, 
att det lockbildande elementet 13 Mr ut:f5rt: av ett stel- 
nande material. Det ligger emellertid Mven inom uppf in- 
ningens ram att utfOra elementen 13 av separata lock som 

10 med ett mellanliggande mjukt skikt Sr pressat mot paketets 
andar. Det Sr Sven m5jligt att lAta ett lOst mjukt skikt 
ligga mellan paketets Sndar och ISdans gavelvSggar, Lddan 
15 och locket 21 bildar sSledes ett ytterhOlje som till- 
sammans med tatningarna 13 och 14 pd paketet 12 bildar en 

15 effektiv avtatning mellan de bdda mediestr6mmarna. Den p4 
ritningarna visade avtatningen kan emellertid gOras mycket 
enkelt och billigt. Applikationen av tatningsmassan eller 
annat mjukt material krSver ej n^gon stttrre precision 
eller geometrisk noggrannhet. Eventuellt kan avtatning 

20 ocksA dstadkommas genom god pass form eller vid ISmpligt 
materialval genom svetsning eller Ittdning. 

Till skillnad frdn det ovan beskrivna utf5randet dSr 
en iSda 15 med ett lock 21 bildar ett packen 12 omgivande 
h51Je bildas detta httlje i det i fig 4 visade exemplet av 

25 en i tvSrsnitt rekt angular Idda 28 som i sin ena sida ar 

fbrsedd med inlopp 29 och utlopp 30 f5r det ena mediet och 
i sin motsatta sida ar fSrsedd med inlopp 31 och utlopp 32 
f6r det andra mediet. Packen 12 ar i detta utfarande 
inftird fr^n en Gppen ande i lAdan som sSledes bildar en 

30 manteldel 33 som ar tillslutbar medelst lock 34 och 35. 
Locken 34 och 35 ar avsedda att i sig sjaiva eller via 
mellanliggande skikt tata mot packens 12 andar. Det i fig 
4 nedre locket 34 kan t ex gjutas fast genom att fyllas 
med en flytande tatningsmassa som fdr stelna efter att det 

35 hopsatta paketet 28, 12 stailts ned i detsamma. Locket 35 
kan sedan gjutas fast pd motsvarande satt efter det att 
paketet 28, 12 vants upp och ned. Denna form av gjutning 


Iawapa'iAit 


PCT/ SF95/n0 4 7 


6 

kan dven tiliampas vid det i fig 1 och 2 visade utfOran- 
det. Vid anvdndande av l^mplig t^tningsmassa kan efter 
gjutning if rSgavarande lock eventuellt avlSgsnas och 
tjanar d^rvid endast som gjut;form* 
5 Det pr^glade m6nstret i bandet har bl a tre uppgif- 

ter. Den ena Sr att: Sstadkonuna att bandet vid veckningen 
bildar en konf iguration med ett visst avst&nd eller del- 
ning mellan successiva veck s& att medium kan strOmma i de 
bildade mellanrummen« PrSglingen skall ocksd bidraga till 

10 turbulent strttmning hos mediet sAsom nSmnts ovan. 

Det enkla mttnster som beskrives ovan uppfyller bdda 
dessa krav. SSsom nSmnts ovan bildar den sneda korruge- 
ringen efter omvikning ett system av korslagda Asar. 
Asarna holier ett visst medelavst&nd mellan de olika om- 

15 vikningarna och ger en slingrig turbulensskapande str6m- 
ningsvcLg fOr mediet som, sdsom nSLmnts ovan, ger god vSrme- 
5verfGring till vSggen. 

Genom vSrmevSxlarens konstruktion f5rdelas de tv& 
mediafl6dena 6ver ett antal parallella kanaler som ligger 

20 6msvis inflikade mellan varandra. Den tredje uppgiften hos 
det prSglade m6nstret Mr att Astadkomma en fiJrdelning av 
mediaflbdet inom varje sSdan kanal, s& att det fGrdelas 
jamnt ^3ver dess sidoutstrfickning . Harigenom kan ^stad- 
kommas en huvudsakligen motstr5ms flttdesbild mellan de tvS 

25 mediaf lOdena trots att deras in- och utlopp inte ar rik- 
tade i str5mningsriktningens fGrlSngning. 

En effektiv sddan utbredning av flGdet i sidled f&s 
om strOmningsmotstSndet i sidled i kanalen ar mindre Sn 
stramningsmotstSndet i langsled. Med den f&reslagna enkla 

30 korrugeringen av bandet blir detta fallet om korruge- 

ringens vinkel mot bandets ISngdriktning Sr mindre Sn 45°, 
eller annorlunda uttryckt, om korrugeringens vinkel mot 
den avsedda strttmningsriktningen Sr mer Sn 45°. 

Den enkla korrugering som tagits som exempel ovan Sr 

35 enkel att Sstadkomma mellan tvA spiralskurna valsar sdsom 
i fig 1. Den kan ocksS vSl uppfylla de 5nskemdl om 
distanshdllning, turbulensbildning och str5mningsf5rdel- 
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ning som behandlats ovan, Mdnga andra prSglingsmGnster 
emellertld ocksS t^nkbara, s4som n^mnts ovan. F6r att fOr- 
enkla veckningen av bandet: kan korrugeringen med fttrdel 
avbrytas och ersdttas av vikningsanvisningar med ISimpliga 
mellanrum sdsom visas fig 1. En annan f ttrba-ttring av 
mGnstret skulle kunna vara att mOnstra in- och utlopps- 
delarna (bandets ytterdelar) annorlunda Sn huvuddelen av 
bandytan fOr att ge en ordentlig sidledsf ^rdelning av 
flttdena utan att str6mningsmotstSndet i ISngsled blir fOr 
stort i huvuddelen av varmevfixlaren. En minskning av 
strGmningsmotstSndet i den v^rmeOverf Grande delen av 
vMrmevSLxlaren betyder emellertid oftast en minskning av 
varme6verf5ringen dSr, vilket inte fir anskvSrt. 

Uppfinningen Sr ej begrSnsad till ovan nSmnda ut- 
f6randen utan kan varieras till sina detaljer inom ramen 
f5r ef terf 51jande patentkrav utan att uppf inningens grund- 
tanke dSrmed frSngds. 


35 


AWAPA. I^T 


PCT/ SE9 5 / G 0 4 7 9 


PATENTKRAV 

1. Rekuperativ vSrmevMxlare fGr vSrmevaxling mellan 
5 -tvd medler via en vSirmeOverf Grande vSgg, k a n n e - 

t e c k n a d darav, atzt: 

a) den medle^-tsklljande och v^rmeGverf iirande vSggen 
bestdr av ett: f ornunOnstrat band, som ar omvik-t ett ant:al 
ganger till bildande av en flerskiktad packe, vilken 

10 innesluten i ett yttrerhGlje (15, 21; 28, 34, 35); 

b) bandet genom sin formning efter omvikningen bildar 
en packe (10, 12) av Omsvisa strttmningskanaler med str6in- 
ningsanslutning (22-25; 29-32) fttr de tvA medierna vid 
packens relativt varandra motsa-tta sidor; och 

15 c) bandet avtatat mot ytterhttljet i botten och 

topp av packen (12) samt i packens Sndar s& att lockage 
mellan medierna fOrhindras. 

2. varmevSxlare enligt patentkrav 1, k a n n e - 

t e c k n a d dSrav, att bandet s mGnstring Sr en korru- 
20 gering i sned vinkel mot bandets ISngdriktning . 

3. varmevSxlare enligt patentkrav 2, k a n n e - 

t e c k n a d dSrav, att bandets korrugering med ISLmpliga 
mellanrum Sr avbruten och ersatt med vikanvisningar ( 9 ) 
som underiattar omvikning av bandet. 

25 4. varmevSxlare enligt patentkrav 2 eller 3, k a n - 

netecknad dSrav, att vinkeln hos korrugeringen Sr 
mindre an 45° mot bandets ISngdriktning. 

5, varmevSxlare enligt n&got av fGregdende patent- 
krav, kannetecknad dfirav, att bandets m5n- 

30 string Sr sddan, att str5mningsningsmotstdndet mot band- 
packens Sndar blir hGgre i den tillt^nkta strOmningsrikt- 
ningen Sn tvSrs denna, medan strttmningsmotstdndet vid 
bandpackens mittdel fir liten i den tilltSnkta strGmnings- 
riktningen . 

35 6. VSirmevaxlare enligt ncigot av fGreg&ende patent- 

krav, kSnnetecknad dSrav, att tatningen i 
packens Sndar sammanfaller med tvS relativt varandra mot- 
stSende sidovfiggar av h51jet. 
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7. Satt att framstaila en rekuperatriv varmevaxlare 
fGr varmevaxling mellan t^/& medler via en varme5verf Grande 
vSgg, kannetecknat dSrav, att: 

a) ett formmOnstrat band (1) av vSrmeOverf 5rande 
5 material omvlkes ett antal ganger till bildande av en 

flerskiktad packe, vilken inneslutes i ett ytterhOlje (20, 
21; 28, 34, 35); 

b) bandets Idngsg&ende, dvs relativt dess viknings- 
kanter vinkelrata kanter i packen avtStas med ett lock- 

10 bildande element (12); 

c) den av det omvikta bandet bildade packen (12) 
inneslutes i ett h51je och med dess botten och topp av- 
tdtas mot h51Jet s&, att bandets relativt varandra mot- 
satta sidor fir vSnda mot frSn varandra avskilda utrymmen i 

15 httljet, vilka Sr f5rsedda med var sina till- ocb utlopp 
fGr var sitt av sagda tvA medler. 

8. satt enligt patentkrav 7, kSnnetecknat 
dSrav, att f ormm5nstringen av bandet (1) utfGres genom 
prSgling under kontinuerlig frammatning mellan dtminstone 

20 tvd formvalsar (2, 3) som Sr f&rsedda med prSglingsut- 
spr4ng och -f 5rdjupningar (5, 6) motsvarande formen av 
ttnskad mttnstring p& bandet och eventuellt ocksS lister (7) 
och fGrdjupningar (8) avsedda att bilda vikanvisningar i 
bandet . 

25 9. satt enligt patentkrav 7 eller 8, k a n n e - 

t e c k n a t darav, att if rSgavarande lockbildande 
element Sstadkommes genom gjutning av stelnande massa. 
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Uppfinningen avser en rekuperativ varmevSixlare fttr 
varmevSxling mellan tvS medier via en v^rmettverf 6rande 
vSgg. 

Enligt uppfinningen best&r den medie^-tskiljande och 
varmeGverfOrande vSggen av ett fornunGnstrat: band som ar 
omvikt ett: antal ganger till bildande av en flerskiktad 
packe (12), vilken Sr innesluten i ett ytterhaije (15, 
21 ) , varvid bandet genom sin f ormning ef ter omvikningen 
bildar en packe av Gmsvisa strGmningskanaler med strbm- 
ningsanslutning (22-25) fbr de tv4 medierna vid packens 
relativt varandra motsatta sidor, och bandet Sr avtatat 
mot ytterh51jet i botten och toppen av packen samt i 
packens andar sS att lackage mellan medierna f6rhindras. 

Uppfinningen avser ocksd ett satt att framstaila en 
dylik varmevaxlare. 


35 






